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Unpaved gravel roads are classified in a class that comes after paved roads with lowest or no service 
provided to the surrounding community. There are over 2.1 million miles (almost 54% of all roads 
including federal and state highways) of unpaved roads in the United States. Unpaved roads in the 
Pacific Northwest are being used as main corridors in various locations. In many cases, these unpaved 
roads are considered the only means of transporting agricultural products, transferring logs from 
forestry or as access to a remote area. Low maintenance of unpaved roads can lead to structural failures 
and geo hazards. Similar to paved roads, the main factors affecting the performance of unpaved roads 
are materials, construction activities, traffic characteristics, and environmental and drainage conditions. 
The major differences are that gravel roads have much greater maintenance frequency and 
susceptibility to moisture damage compared to paved roads. Most often, the excessive snowfall in 
winter causes hazardous issues for the unpaved roads in the Pacific Northwest and Alaska.  In such 
cases, these highways become a critical component of the infrastructure system, especially for the 
communities which do not have alternative access in or out.  Therefore, ensuring safe access year round 
has become a necessity for those communities.  
 
The study aimed at finding gravel road safety issues which are currently affecting the operational 
characteristics of people and goods in rural communities. Much of this initial evaluation relies on 
information that is readily available in the Idaho highway database. The research team has contacted 
the Latah County in the state of Idaho, and well-established maps were provided for all accessible gravel 
roads. The goal of this study was to identify affected communities by unpaved road closures and report 
the reasons for such closures 
 
This project is considered a pilot study to identify unpaved, and gravel roads which have experienced 
road closures in the state of Idaho. The project results include a comprehensive literature review of 
unpaved roads, field visits, and a questionnaire sent to all local highway jurisdictions in the state of 
Idaho to investigate whether a rural community experienced unpaved road closures or not, the location 
of the community, and the reason(s) for closure. Finally, 37 responses were received by the research 
team indicating five rural communities that have experienced closures and isolation. The reasons for the 
closure of the unpaved roads were the lack of funding for snow removal, excessive dirt, unstable gravel 
roads, tornados, and heavy rains. The location of those communities is spread across the state of Idaho 
with corresponding populations ranges from 25 to 8,500 people. The PIs have also developed a simple 
guideline for unpaved/gravel roads assessment for local highway jurisdictions to use, which will help to 
report various kind of damage or potential hazards. Finally, and based on the information provided by 












CHAPTER 1. LITERATURE REVIEW 
1.1 Introduction 
Unpaved gravel roads, paved roads, and means of transportation are crucial for economic development 
and growth of a country. Poorly maintained unpaved roads not only constrain mobility and significantly 
raise vehicle operating costs but also increase accident rates and their associated human and property 
costs. Moreover, inadequately designed gravel roads aggravate isolation, poverty, poor health, and 
illiteracy in rural communities. Like paved roads, the main factors affecting the performance of unpaved 
roads are materials, construction, traffic, environment and drainage; though the major differences are 
gravel roads’ much greater maintenance frequency and susceptibility to moisture damage (Huntington 
and Ksaibati, 2016). Studies have examined the impact of loads and the adjustment of gravel thicknesses 
based on performance (Légère and Mercier, 2006), but predictions of the life of a gravel road are not 
readily available. Planning, location, survey, design, construction and maintenance are the basic steps 
performed for making a road project successful. This study depicts the recent studies conducted for 
developing design guidelines, maintenance practices, geo-hazard rating systems, drainage performance 
of unpaved gravel roads and identifying the factors affecting the operational safety of gravel roads.  
1.2 Planning and Location of gravel roads 
Without planning and good location, a road may not adequately serve its users; it may be overbuilt, or it 
may be in a problematic area. Survey and design are needed to fit the road to the ground and have it 
function properly (Kellerr and Sherar, 2003). Before constructing a road, key issues should be addressed 
during the planning phase. Understanding the effects on area growth, land use, and deforestation, will 
help the designer in the determination of the optimum road location. Therefore efficient road location 
with system appropriate minimum design, will lead to avoid local water quality impacts, minimize 
impacts on local plants, animals, and provide sufficient long-term road maintenance robust plan.  In 
addition, optimum road planning identify and avoide problem areas such as landslides, wet areas, poor 
soils, excessively steep grades. 
 
A comprehensive literature search identified recent studies performed on the performance of rural 
unpaved, gravel roads (e.g. Keller & Sherar, 2008, Skorseth & Selim, 2000), and their effect on the 
surrounding communities. The literature covers design and construction policies and maintenance 
practices. Geo-hazard rating systems, drainage performance of unpaved roads, and flood data were 
reviewed thoroughly. Additional work concerning the performance assessment of unpaved gravel roads 
(Walker, 1985, Eaton, et al., 1987)) has been reviewed to select best practices. The assessment of 
geohazards associated with landslides, mudflows, erosion, washouts, frost heave, wildfires, and adverse 
seasonal effects has been reported by Godfrey, et al. (2016). The study established procedures used in 
practice (Godfrey, et al., 2016).  The main components that were covered in the literature are:  
(1) Relevant factors affecting the operational safety of gravel roads.  
(2) Databases of information related to all hazard potentials.  
(3) Review of procedures used for evaluation of gravel roads by other states and the how 
close we are from those processes.  
(4) Collect information about the most recent practices in maintenance data. 





1.3 Design guidelines for gravel roads 
Elements of roadway design include geometry, design speed, drainage, stream-crossing structures, slope 
stabilization needs, materials types and use, and road grades (Charles, R., 1997). Table 1.1 shows some 
of the design guidelines developed by Oregon Department of Forestry (2000) for the forest roads which 
can also be adopted for low volume gravel roads. In addition, Tables 1.2 and 1.3 present the typical 
design standards for low volume roads and minimum geometric and structural guides for local roads and 
streets. 
Table 1.1. Guidelines for forest roads (Oregon department of forestry, 2000) 
Type Usage Subgrade 
(feet) 




Low use Short term 12-16  out-sloped 
or in-sloped 
(no ditch) 
optional (pit or 
jaw run, if used) 
50 feet plus 
curve 
widening 
up to 30%, 
roads over 20% 










rock, jaw or pit 
run if used) 
50 feet plus 
curve 
widening 
up to 20%, 
usually under 
18% 
High use Permanent 16-22 crowned, 
with ditches 
pit run, jaw run 
or crushed rock 
for base and 
crushed rock for 
driving surface 
70 feet plus 
curve 
widening 
up to 14% 
*Grades over 20% require assist vehicles (OAR 437-80-065). Rock surfaced grades over 16% require special 
surfacing design to alleviate traction problems (consult geotechnical specialist or staff engineer). 
Table 1.2 Typical design standards for low volume roads 
Design Element Rural Access road Collector load 
Design Speed  23-35 kph 45-60 kph 
Road Width 3.5-4.5 m 4-5.5 m 
Road grade 15% max 12% max 
Curve Radius 15m min. 25 m min. 
Crown/Slope Out slope/ In slope (5%) In/out slope or crown (5%) 






Table 1.3 summarizes the design standards suggested by New Hampshire Department of Transportation. 
Table 1.3 Minimum Geometric & Structural Guides for Local Roads and Streets 
ADT (vpd) 0-50 51-200 201-750 751-1500 1500+ 
       
Pavement Width (ft.) 18 
minimum 
20 20 22 24 
Shoulder Width (ft.) 2 2 4 4 8-10 
Center of Road to Ditch (ft.) 15 16 18 19-21 Varies 
Line   
      
    Asphalt Hot  Hot 
Pavement Type Gravel Surface Hot 
Bituminous 
Bituminous Bituminous 
    Treated  
       
Slope of Roadway 4% 3% 2% 2% 2% 
Base Course  Gravel 12 12 12 12 18 
Depth (in.)        
 Cr. 
Gravel 





1. Gravel surface should be paved where steep grades occur 
2. For ADT greater than 1000 vpd, paved shoulders should be considered 
3. Base course depths may need to be increased in areas of poor soils 
 
Wiegand, P. and Stevens, L. (2007) conducted an extensive study on developing uniform guidelines for 
rural and suburban roadways in Iowa. To provide an easier transition to the traditional urban facilities, 
the following guidelines in Table 1.4 can be adopted. 
 
 
The design and construction standards can vary in different states but the ultimate objective of 
providing a safe, economical and low maintenance road should be met. The American Association of 
State Highway and Transportation Officials (AASHTO) provides guidelines for very low-volume roads. 
They have defined low-volume roads as those with daily traffic volumes fewer than 400 vehicles per day 
(vpd). AASHTO indicates that low-volume roads can be constructed with granular surface with a total 
width of 18 feet, including shoulders. 1990 AASHTO Green Book design guidelines generally used as 









Table 1.4 Rural subdivision cross-section geometrics 
Design Connector Collector Local 
Elements Desirable Minimum Desirable Minimum Desirable Minimum 
Design speed 
60 60 55 50 45 45 
(mph)       
Avg. daily 
> 1500 >1500 400-1500 400-1500 <400 <400 
Traffic       
Pavement width 24’ 
24’-striped at 
24’ 22’ 22’ 22’ 
22’       
Shoulder width 8’ 8’ 6’ 5’ 4’ 4’ 
Shoulder type 
4’ paved/4’ 
Rock Rock rock rock Earth 
rock       
Right-of-way 
100’ 80’ 80’ 66’ 66’ 66’ 
width       
Slopes 6:1 4:1 4:1 3:1 4:1 3:1 
Parking allowed none None None none none None 
Stopping sight 
570’ 570’ 495’ 425’ 360’ 360’ 
distance       
Horiz. curve 
1340’ 1205’ 965’ 760’ 500’ 500’ 
(min)*       
Maximum 
5% 8% 6% 8% 8% 10% 
grade       
 
*Horizontal curve minimum values are based on 6% super-elevation for desirable sections 
and 8% for minimum sections for connector and collector roads. The 8% super-elevation will 










Table 1.5 1990 AASHTO Green Book design guidelines (ASCE highway division) 
Maximum Super-elevation 4% (for icy areas) 
Curb Radius ≥15 ft. 
Cul-de-Sac Radii ≥30 ft. 
Tapers Straight Bay Taper Vary from 4:1 to 15:1 
Straight or Reverse Curve Taper Ranges from 80-120 ft. 
Curved Bay Taper Typically, 100-120 ft. 
Minimum Grade 0.5% for curbed roadways, (0.3% may be 
acceptable where a high type pavement with 
stable subgrade is 
utilized) 
Lane Width 12 ft. (9 ft. minimum) 
Cross Slope 1.5% to 2.0% for good surface quality 
2.0% to 6.0% for poor surface quality 
Shoulder Width ≥2 ft. and ≤ 8 ft. 
Shoulder Cross Slope 4% (6% maximum) 
Pavement Width 26 ft., 12 ft. lane with two 7 ft. parking lanes 
34 ft., two 10 ft. lanes with two 7 ft. parking 
Lanes 
Gutter Grade ≥ 0.30% (≥ 0.2% in very flat areas) 
Curb Height 4-9 inches (6 inches is average) 
Sidewalks Preferably near ROW lines 
Sidewalk Width ≥ 4 ft. 
 
Table 1.6 summarizes the geometric design tables / design appendices of Minnesota Department of 
Transportation. 





























Ft. rise:run mph 
     
C, ft.         
tons 
  
                
0-49 11 1    1:3 7 30-60   Aggregate   22 
50-149 11 3    1:4 9 40-60   Aggregate   22 
150-749 12 4    1:4 15 40-60  Paved 9  28 
750-1499 12 4    1:4 25 40-60  Paved 9  28 
1500+ 12 6    1:4 30 40-60  Paved 10  30 
 
Selim and Skorseth (2000) reported two different design approaches for predicting the thickness of 
gravel layer. The Design Chart Procedure considers several parameters including predicted future traffic 
(W18), roadbed soil resilient modulus (MR) in psi, length of season, elastic modulus of aggregate sub-base 




surface layer, aggregate loss of surface layer etc. Design catalog is adopted when sufficient information 
is not available. The thicknesses shown in Table 1.7 are based on specific ranges of 18-kip ESAL 
applications at traffic levels (AASHTO, 1993). 
 
Table 1.7 Aggregate Surfaced Road Design Catalog: Recommended Aggregate Base Thickness (in Inches) 

















A similar approach to the above procedure was suggested for local and other agencies in the state of 
South Dakota to determine gravel layer thickness. Table 1.8 represents suggested thickness. 

















According to the “Pavement Design Manual” prepared by the United Republic of Tanzania Ministry of 




compressive strain in the subgrade (D1) as well as gravel loss (GL). To estimate the annual gravel loss, 





(4.2 + 0.092 𝑇 + 3.50𝑅2 + 1.88 𝑉)                                                                1.1 
Where, 
GL = the annual gravel loss measured in mm 
T    = the total traffic volume in the first year in both directions, measured in thousands 
  of vehicles.            
R = the average rainfall measured in m 
V = the total (rise + fall) as a percentage of the length of the road 
f = 0.94 to 1.29 for lateritic gravels 
 = 1.1 to 1.51 for quarzitic gravels 
 = 0.7 to 0.96 for volcanic gravels 
 = 1.5 for coral gravels 
 = 1.38 for sandstone gravels 
 
This manual also stated that the total thickness of the wearing course, D can be calculated by the 
following expression: 
𝐷 = 𝐷1 + 𝑁. 𝐺𝑙 
where, N = the period between re-gravelling operations in years. 
 
Roadway geometrics are the main parameters to ensure well-designed roadway and are dependent on 
design speed. The design speed can be determined by the usage of the road and surrounding land 
growth. Once the design speed is determined, it becomes easier to figure out the horizontal and vertical 
alignment from the guidelines. Figure. 1.1 shows the components of the roadway cross section. Another 
important decision to make is whether the road will be paved or unpaved depending on the expected 
traffic volume and adjacent land use. Although the construction of granular road will cost less, it will 








Figure 1.1 Components of the road cross sections. Selim and Skorseth (2000) 
 
 




1.4 Maintenance Practice 
The major components of a well-designed gravel surface include a crowned driving surface, a shoulder 
area that slopes directly away from the edge of the driving surface, and a ditch. These components 
should be regularly monitored to maintain a gravel road properly. Generally, a careful attention has 
always been provided to design a paved road but unfortunately gravel roads might have less 
consideration. Unpaved and gravel roads are usually vulnerable to wet weather which arise a major 
concern for maintenance to provide adequate slope of drainage for excessive water flow. The following 
subsections present brief definitions of unpaved road characteristics that the owner should pay 
attention to.  
1.4.1 Crown 
Maintaining a proper crown is the most important parameter in unpaved road design for avoiding 
rutting and therefore adversely affect ridability of traffic on gravel surface. A flat crown may lead to the 
collection of water during rainstorms and accelerate the penetration of water into the subgrade. On the 
other hand, if the road has excessive crown, it will also produce unsafe condition for the drivers. Divers 
will not feel comfortable driving in their lane despite driving on the right. In the snow and ice prone 
states, this phenomenon may cause high risk of accidents. A simple method is to use a cutting torch and 
straighten the cutting edge whenever 1/2 to 3/4 inch or more of center wear exists. Another method is 
to use a thicker, harder section of cutting edge in the middle of the moldboard to resist wear. This will 
retard excess center wear, but generally, will not eliminate it. 
1.4.2 Road Shoulder 
The road shoulder plays a major role in a safe roadway, i.e. it provides a safety area for the driver to get 
control over a vehicle, it carries away water to ditches and most importantly it supports the edge of the 
roadway. The shoulder should not be higher or lower than the edge of the driveway. A lower shoulder 
can cause severe safety hazards along with reducing edge support. On the other hand, a high shoulder is 
prone to creating secondary ditches. When a gravel road develops secondary ditches, it destroys the 
drainage system and water seeps into the subgrade. Beside this, in rolling and rugged terrain, the water 
quickly flows downhill along the secondary ditch, often eroding away a large amount of gravel and even 
eroding into the subgrade (Skorseth and Selim, 2000). Motor-grader along with some commonly used 
pulverizers can be used to eliminate secondary ditches. 
1.4.3 Ditches 
A roadside ditch is the most common drainage system in unpaved roads, and it is a critical component. If 
the ditch is obstructed, the water will penetrate through the surface and soften the soil. Maximum 
effort should be provided to keep ditches clean from eroded soil or debris. Sometimes this can be a 
major project requiring loaders, excavators, trucks or other equipment. However, in dry season, ditches 
can be easily restored by using only a grader. 
1.5 Performance Study 
The performance of a gravel road depends on many factors such as traffic speed and volume, weather, 
materials, construction activities, drainage etc. Although gravel roads are less expensive to construct, 
they require more frequent maintenance.  Also gravel roads are more vulnerable to moisture damage 




washing away gravel materials. An imperfect crown can cause potholes and rutting if the materials’ 
strength is inadequate. Very few data are available on gravel roads’ performance and few studies have 
observed the effect of loads and thickness of gravel layer on deterioration (Légère and Mercier, 2006).  
 
Huntington and Ksaibati (2016) conducted an extensive study for service life prediction of gravel roads 
by examining 20 sections in the state of Wyoming. Climatic effects, traffic characteristics, gravel 
properties, gravel thicknesses, and drainage were used as tools to predict a gravel road’s service life. 
Potholes, rutting and wash boards were found to deteriorate significantly with time. The average service 
life of a gravel road without maintenance was found to be from several weeks to one year.  
 
Surface erosion from unpaved roads is found to be a dominant sediment source in Australia (Grayson et 
al., 1993), New Zealand (Fahey and Coker, 1989; Fransen et al., 2001), Malaysia (Douglas et al., 1993), 
the United States (e.g. Reid and Dunne, 1984; Burroughs et al.,1991), Poland (Froehlich and Walling, 
1997; Froehlich, 1991), Ghana (Kumapley, 1987), and Kenya (Dunne, 1979). Unpaved roads can increase 
surface erosion rates by two or more orders of magnitude relative to undisturbed hillslopes (MacDonald 
and Coe, 2007). Ramos-Scharrón and Macdonald (2005) conducted research on measurement of 
sediment production from unpaved roads in US Virgin Islands. It was observed from the study that 
sediment production rates were linearly related to total precipitation for most of the 21 road segments. 
Also, roads with higher slope were found to produce more sediment than gently sloping roads. 
 
The unpaved roads naturally produce dust to a greater or lesser extent. However, the dust production 
rate greatly depends on the quality of gravel material, the speed and volume of the traffic and the 
climate. If the traffic volume is high enough, it will produce large quantity of dust which will eventually 
impact the health of people and surrounding animals. Applying dust control and stabilization treatments 
can significantly reduce dust production. Chloride, resins, natural clays, petroleum oils, Portland cement, 
and organic non-petroleum oil are some of the stabilization products used for reducing dust production, 
gravel loss, and blade maintenance. 
 
Most adverse impacts from roads can be prevented with good engineering and management practices 
which includes careful selection of load location, good gradation of gravel, adequate drainage facility, 
stable cut and fill slopes, erosion control measures and stabilized surface. A well designed and properly 
constructed gravel road can reduce long-term maintenance costs and have good economic and social 
impact.  
1.6 Status of Gravel roads in Idaho 
In Idaho, there are currently no uniform guidelines for gravel road design which may create 
inconsistency and confusion among developers. Hence, studies should be conducted to assess the 
performance and potential geo hazards by identifying unpaved roads in Idaho. Additionally, it is 
important to evaluate the condition of existing roads, as these roads might have been poorly designed, 
constructed with low quality materials, might suffer general degradation due to lack of maintenance, 
unstable cut-slope fill, and poor drainage system.  Table 1.9 shows the total miles by county provided by 
Idaho Transportation Department. The data show that a significant number of miles (990 miles) are 




















































CHAPTER 2. METHODOLOGY  
2.1 Introduction 
A low-volume road is a road with relatively low traffic (Gravel Roads Manual 2015), and low design 
speeds based on the geometric design of roads (Gravel roads Design Manual 2000). Gravel roads have 
various safety concerns against unconventional loads (unusual trucks, and agricultural vehicles) and 
natural hazards (rainfall runoff and extreme wind). Guidelines have been suggested by the PIs for local 
highway jurisdictions in Idaho. Part of the study produced guidelines to address the safety of gravel 
roads under the 129,000-pounds trucks, (Ibrahim et al. 2017). In addition to the unconventional loads, 
there is an urgent need to identify and assess potential geo-hazards that may affect operation and 
performance of rural gravel roads. Additionally, evaluation of existing road condition is important to 
ensure safe access to the isolated communities. The proposed study intends to establish baseline data 
of unpaved road conditions in Idaho through a questionnaire survey sent to local highway jurisdictions 
and to propose an assessment method for unpaved roads in rural communities. The survey was 
incorporated with very brief questions about the reasons of closure of unpaved roads, location of those 
communities, and the population of the affected communities. The survey questions are presented in 
Appendix A.  
 
In the current phase of the project, the PIs reviewed information that is readily accessible in the Idaho 
highway database and through the technical local highway assistance program. The results of this 
project are considered a pilot study to document the structural safety, and geo-hazards associated with 
landslides, mudflows, erosion, washouts, frost heave, wildfires, and adverse seasonal effects in the state 
of Idaho. The PIs have collected information from rural areas to determine highway segments that are 
perceived to be unsafe and to identify the hazards in each case. The input has included a number of 
routes based on the availability and time constraint of the project. The PIs have collected information as 
much as they can to represent the actual route conditions and its vulnerability to any kind of structural 
failures and geo-hazards.  
 
The data and safety information were collected from various Idaho counties and local highway 
jurisdictions via general survey (Appendix A). Although, extensive field visits were outside the scope of 
the study, two sites in Latah county, ID were visited by the research team to check gravel road 
conditions. The information collected through the questionnaire was used to identify the condition of 
low volume roads and identify the critical issues that affect the accessibility of rural communities to 
major highway corridors.  The survey was sent to all the Idaho local jurisdictions with the help of the 
Local Highway Technical Assistance Council (LHTAC) in Boise, Idaho. The email list had 594 subscribers 
and some of the agencies in the list have more than one employee, and there are some people on list 
who were not local highway Jurisdictions (but do work with them). The LHTAC could not filter the list to 
have a specific number of subscribers. Out of the 594 subscribers, 213 opened the survey email and 96 
of them clicked on the survey link and only 37 responses were received by the research team. The 
survey email (Appendix B) was originally sent on November 2018 and followed up with another 
reminder on January 2019.  
2.2 Field visits  
1,357,430 miles of road are unpaved in the United States which is almost 35% of the total roadway 




they are less vulnerable to freeze/thaw damage than asphalt roads. Nationally unpaved roads only 
account for approximately 2 % of vehicle fatalities. In some states these roadways account for up to 20 
% of the fatalities. In Idaho, rural local roads accounted for 14% of the fatalities. (2017 Idaho Highway 











Figure 2.1 Percent of paved to unpaved roads in the USA.  
A field visit was conducted by the research team to two of the gravel roads in Troy, ID as shown in Figure 
2.2. The roads were selected based on information in the database of gravel roads provided by Idaho 
Transportation Department. The ditch width, drainage slopes, and the shoulder width were measured 











































































































Figure 2.6 Proper drainage 
In addition, information on Idaho gravel roads with improved road characteristics of various kinds and 
degrees of road surface drainage generally encountered throughout Idaho was collected by the research 
team. Figures 2.7 and 2.8 show the acceptable and the unacceptable gravel road characteristics in the 





Idaho Code, Title 40-110 defines an improved road as follows: 
“Improved highway” means a graded and drained earth traveled way or better, to include one graded 
and graveled or with paved surface, and a graded and drained earth highway means a traveled way of 
natural earth, aligned and graded to permit reasonably convenient use by motor vehicles, and drained 
by a longitudinal and transverse system, natural or artificial, sufficiently to prevent serious impairment 
of the highway by surface water.  
 
To accumulate more information about the present gravel roads’ condition in Latah county, contact 
personnel were reached and the 2016 report card with the status of all accessible gravel roads in the 
county was collected. An improved status for all accessible roads was found from the report card as 
shown in Table 2.2 and Figure 2.9.  
Table 2.1 improved road surface type definition (ITD 2019) 
Surface Type Description 
C Earth graded 
& drained 
 
Earth Graded and Drained. A road of natural earth aligned and graded to 
permit reasonably convenient use by motor vehicles and drained by 
longitudinal and transverse drainage systems (natural or artificial) sufficiently 





Gravel Graded and Drained. A graded and drained road aligned and graded 
to permit reasonably convenient use by motor vehicles and drained by 
longitudinal and transverse drainage systems (natural or artificial) sufficiently 
to prevent serious impairment of the road by normal surface water. The 
surface consists of gravel, basalt, broken stone, slag, chert, caliche, ore, 
shale, disintegrated rock or granite, or similar fragmented material (coarser 


























Where right of way is available, flatter slopes combine a safety feature with satisfactory drainage. 
 
 
Restricted right of way may require steeper, less safe slopes to achieve proper drainage. 
 
 












Entire traveled surface is sloped to a shallow ditch at the toe of the hill. In extremely difficult 






When material is non-erodible, or erosion is controlled, drainage can be accomplished by sloping away 




















Drainage in hillside sections can be accomplished in the following ways: 











































Inadequate maintenance has allowed drainage features to disappear. Side ditches, culverts and 
crowning are needed. 
 
 
Repeated float-blade maintenance has created a virtual canal. 
 
 
Flat sections in good gravel must be crowned for adequate drainage to the outside. 
 
Gravel  
Hillside section in earth must have proper slope and ditch at the toe of the hill, or a normal crown when 








Hillside section in rock and gravel must have a proper slope either to the toe of the hill or to the 
outside, or, have a normal crown. If the slope is to the toe of the hill, ditching is necessary unless 
material is essentially solid rock. If the slope is to the outside, or a normal crown is used, ditching is 





Figure 2.8 Unacceptable levels of gravel road characteristics in Idaho  
 






















































Figure 2.9 South Latah county accessible gravel roads 
 
Finally, a brief questionnaire was sent to all local jurisdictions in the state of Idaho to establish baseline 
data of gravel road conditions if they experienced past road closures. So far, 37 responses were received 
by the research team as shown in Table 2.3.  Most of the responses did not identify any road closures. 
Five reported gravel road closures due to landslide (city of Atlanta), snow (City of Dayton), dirt, unstable 
gravel (Clearwater county), heavy rainfall (Oneida County), and tornados (Cuprum, Idaho).  A description 
of each individual location that experienced road closures is described below: 
• Atlanta is an independent community in Elmore County, Idaho, United States. Atlanta is about 
40 miles from two paved highways. It is located of the east of State Highway 21, accessed on 
unimproved U.S. Forest Service roads. It is north of U.S. Highway 20, which is accessed from 
Atlanta by heading south on USFS roads through Rocky Bar, Featherville, and Pine. The total 
population reported is 54.  
• Dayton is a city in Franklin County, Idaho, United States. The population was 463 at the 2010 
census. It is part of the Logan, Utah-Idaho Metropolitan Statistical Area. 
• Clearwater County is a county located in the U.S. state of Idaho. As of the 2010 census, the 
population was 8,500. The county is home to North Fork of the Clearwater River, and a small 





• Oneida County name is an Indian word for a member of an Iroquoian tribe once in New York 
State, was chosen by the legislature because some of the early settlers were from Oneida, New 
York.  Its population is approximately 4,286. 
• Cuprum is an unincorporated community in Adams County in the U.S. state of Idaho.  The 
community is located 27 mi northwest of Council with a population of 25 people. 
 
2.3 Procedure to Assess Gravel Roads 
Jurisdictions should consider the following components to determine if the gravel roads are adequate to 
safely carry the loads under consideration: 
 
2.3.1 Amount of Crown  
The crown is that part of roadway shape in which the center of the road is higher than the outer edges 
of the surface to provide drainage of water from the center of the road surface to curbs or ditches.  
 
It is recommended there be no more than 1/2 inch of crown per foot (FHWA Gravel Roads Manual). 
 
Figure 2.10 shows a gravel road with good shape of the entire cross section. The road has a driving 






















Figure 2.11 shows a gravel road that lacks adequate crown. As a result, potholes and corrugation are 

















Figure 2.11 Gravel road with inadequate crown 
 
Figure 2.12 shows a gravel road that is wide (25 feet surface width) with traffic predominately driving in 
















Figure 2.12 Gravel road with excessive crown. 
 
2.3.2 Condition of Shoulder 
The shoulder should begin no higher or no lower than the edge of the roadway. By maintaining this 




edge support. Figure 2.13 shows one example of gravel shoulders that match the edge of the roadway 
















Figure 2.13 Example of good gravel shoulders. 
 
The steps to assess whether the gravel road conditions are adequate to safely carry the load under 
consideration are as follows: 
Step 1: Determine if the gravel road is approved for 80,000-pound trucks. If yes, go to step 2. If no, the 
request shall be denied.  
Step 2: Inspect the road to determine the condition of the crown. If the crown is ½ inch or less per foot 
of roadway width, the crown is adequate. If more than ½ inch of crown per foot of roadway width, the 
request shall be denied. 
Step 3: Inspect the road to determine the condition of the shoulder. If the shoulder is no higher or no 
lower than the edge of the roadway, the condition of the shoulder is adequate. If the shoulder is higher 
or lower than the edge of the roadway, the request shall be denied. 
 
Table 2.3 Survey responses  
 






























Agency Name Q1 Q2 Q3 Q4 

















City of Peck     











None None None None 
10 Mark Kime 
Shoshone Hiway 
Dist # 2 








City of Driggs none none none none 
13 Bryce Somsen 
Caribou county 
commisioner 






City of Dayton, 
Idaho 
City of Dayton City 463 
We do not have enough budget 
to keep the road open during 























None None None None 










They slide away, dirt or gravel is 
instantly unstable. More so 
















None None None None 
22 Kraig Spelman 
Adams County 






Tornado knocked down a 









Agency Name Q1 Q2 Q3 Q4 
23 Lisa Baker 
Oneida County 
Road & Bridge 
Woodruff, Head of 
Malad, Pleasant 




roads washed out during a 













None None None None 
26 Alan Porath 
Power County 
Highway Dist. 






City of Potlatch N/A N/A N/A N/A 
28 Kent Fugal 
City of Idaho 
Falls 
None None None None 




City of St. 
Anthony 











County Road & 
Bridge 
None None None None 
33 Susan Lott City of Newdale NA NA NA NA 
34 Regie Finney City of Buhl N/A N/A N/A N/A 
35 Travis Brewer 
Filer Highway 
District 







No roads were 
closed 





Road and Bridge 






CHAPTER 3. CONCLUSIONS 
In the USA, gravel roads are still very common consisting 2.2 million miles of total 4.1 million miles roads 
(or 54%).  For some communities in the Pacific Northwest and Alaska, unpaved gravel roads are the only 
way of access to the highways.  Proper maintenance of these unpaved gravel roads is required to ensure 
safe access, and sustainable traffic operation throughout the year. The primary objective of the project 
was to evaluate the present condition of gravel roads in the Pacific Northwest, and Alaska.  Much of this 
initial evaluation relied on the readily available information in the Idaho Transportation Department 
database. A pilot study was conducted in the state of Idaho to find gravel road closures due to extreme 
weather. The project outcomes include a comprehensive literature review of unpaved roads, and field 
visits. In addition, a questionnaire survey was sent to local jurisdictions to investigate the locations, 
reasons of road closures, and population size of the affected communities.  
 
A total of 37 responses were received by the research team indicating five rural communities had 
experienced road closures and isolation. The reasons for the road closure include but not limited to the 
lack of funding for snow removal, excessive dirt, unstable gravel roads, tornados, and heavy rains. The 
location of the communities was spread across the state of Idaho with corresponding populations 
ranging from 25 to 8,500 people. The goal of this study was only to identify those communities and 
report the reasons for all the road closures. Also, a simple guideline for unpaved/gravel roads 
assessment was developed by the PIs for use by local highway jurisdictions, which will help to report any 
kind of damage or potential hazards. Based on the information provided by ITD, most of Idaho unpaved 
roads were found improved and in acceptable condition.  
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